The aim of this study is to determine oncogenic human papillomavirus (HPV) types and HPV type 16 (HPV16) variant distribution in two Spanish population groups, commercial sex workers and imprisoned women (CSW/IPW) and the general population. A multicenter cross-sectional study of 1,889 women from five clinical settings in two Spanish cities was conducted from May to November 2004. Oncogenic HPV infection was tested by an Hybrid Capture II (HC2) test, and positive samples were genotyped by direct sequencing using three different primer sets in L1 (MY09/11 and GP5؉/GP6؉) and E6/E7. HPV16 variants were identified by sequencing the E6, E2, and L1 regions. Four hundred twenty-five samples were positive for the HC2 test, 31.5% from CSW/IPW and 10.7% from the general population. HPV16 was the most frequent type. Distinct profiles of oncogenic HPV type prevalence were observed across the two populations. In order of decreasing frequency, HPV types 16, 31, 58, 66, 56, and 18 were most frequent in CSW/IPW women, and types 16, 31, 52, 68, 51, and 53 were most frequent in the general population. We analyzed HPV16 intratype variants, and a large majority (78.7%) belonged to the European lineage. AA variants were detected in 16.0% of cases. African variants belonging to classes Af1 (4.0%) and Af2 (1.3%) were detected. Different HPV types and HPV16 intratype variants are involved in oncogenic HPV infections in our population. These results suggest that HPV type distribution differs in CSW/IPW women and in the general population, although further analysis is necessary.
Different epidemiological studies reveal that human papillomavirus (HPV) prevalence depends largely on age and sexual practices and that it shows major differences across geographic areas. HPV prevalence has been described to be higher in Latin America and sub-Saharan Africa and lower in Asia and Europe (12, 15, 17, 30, 32, 35, 40, 43) . More than 100 types of HPV have been identified to date, of which at least 42 are associated with infections of the genital tract (42) . Different genotype prevalence profiles have also been observed in different geographic areas (8) . Vaccines directed against HPV type 16 (HPV16) and HPV18, present in approximately 70% of cervical cancers worldwide, are currently under evaluation and have shown impressive reductions of 90% in the incidence of HPV infection in the case of types 16 and 18 (16, 18, 22, 27, 45) . The preliminary data suggest that bivalent HPV16 and HPV18 vaccine may also protect against HPV16-related types (31, 33, 35, 52 , and 58) and HPV18-related types (39, 45, 59 , 68, and 85) (G. Dubin, 22nd International Papillomavirus Conference and Clinical Workshop 2005, Oral Communication F-03, 2005). In order to design and evaluate the health impact of HPV infections and the potential benefits of the implementation of future vaccines, it is necessary to know the distribution of oncogenic HPV types in different geographic regions and in different populations (29) .
In Spain, which has one of the lowest rates of cervical cancer worldwide, there are few studies on HPV epidemiology and even fewer on molecular epidemiology. In a population-based study with a 3% age-adjusted HPV prevalence, performed among 973 women from the general population in Barcelona, de Sanjosé et al. established that HPV16 was the most common type (21%), followed by HPV35 and HPV31, present in 13.8% (12) . HPV16 and HPV31 were also the most common in 157 imprisoned women in Barcelona (13) . HPV intratype variants have been analyzed, and molecular and epidemiological studies suggest that their oncogenic potential is altered (2, 23, 26, 39) . HPV16 intratype variants may be divided on the basis of sequence heterogeneity in L1, L2, LCR, E6, and E2 genes into five phylogenetic branches: European (E), Asian (As), Asian-American (AA), African-1 (Af1), and African-2 (Af2). HPV16 variants also show different geographical distributions (38, 47) .
Few data are available in Spain on the distribution of oncogenic HPV types, and none are available on HPV16 intratypic variant distribution. The aim of this study is to describe the distribution of oncogenic HPV types and HPV16 variants in a multicenter cross-sectional study of two Spanish populations, groups with different practices and levels of risk for HPV infection: the general population and imprisoned women (IPW) and commercial sex workers (CSW).
CGGTTAGTATAA-3Ј) and 16ORF3Ј (5Ј-GTATCTCCATGCATGATT-3Ј); the primer set for the E2 region was A2 (5Ј-GGATGCAGTATCAAGATTTG T-3Ј) and B1 (5Ј-TAGCAGCAACGAAGTATCCTCTCC-3Ј) (19) . HPV16 variants were identified by direct sequencing. Multiple sequence alignments were performed using the MegAlign program of the Lasergene software (DNASTAR, Madison, Wis.). The sequence as published by Seedorf et al. (HPV16R) , which belongs to the European lineage, was used as a reference (34) .
Statistical analysis. Demographic differences were compared through chisquared tests for normally distributed data and the Mann-Whitney test for abnormally distributed data. HPV type distributions were compared using the chi-squared test, and Fisher's test was used when numbers were low for frequencies. Univariate odds ratios and 95% confidence intervals were used to estimate associations. Data analysis and statistics were produced by using Microsoft Excel and STATA 8.0 statistical software (College Station, Tex.).
RESULTS

Prevalence of oncogenic HPV infection.
As is shown in Table 1 , among the 1,889 women tested, 425 (337 from the CSW/IPW group and 88 from the general population) were infected by oncogenic HPV types included in the HC2 test. The oncogenic HPV prevalence was significantly higher in CSW/IPW (31.5%) women than among the women from the general population (10.7%) (odds ratio, 3.81; 95% confidence interval, 2.93 to 4.96). HPV prevalence was higher among CSW/IPW women of all geographical origins except in the rest-of-Europe group, although statistically significant differences were detected only for Spaniards (P Ͻ 0.000) and (borderline) for Latin Americans (P ϭ 0.085).
HPV type-specific prevalence. As is shown in Table 2 , of the 425 oncogenic HC2 test-positive samples, negative results for constitutive ␤-actin gene PCR amplification were obtained in seven samples (1.6%), while in 39 samples (9.2%) the nucleotide sequence obtained was unclear because multiple sequence traces were superimposed, probably due to multiple HPV infections. HPV types classified as oncogenic or probably oncogenic, according to the Muñoz et al. epidemiologic classification (31), were detected in 346 (81.4%) samples. In 33 samples (7.8%) we detected HPV types epidemiologically classified as nononcogenic or unclassified. These samples contained HPV types 6, 11, 42, 43, 61, 67, 70, 74, 81, 83, and 85. In these samples, we confirmed the presence of multiple HPV infections (data not shown) with oncogenic HPV types which justify HC2 reactivity.
Eighteen different oncogenic HPV types are involved in HPV infections in our population, the individual frequencies being presented in Table 2 . The most frequently found was When we analyzed individual frequencies stratified by population groups, no significant differences were observed, except for HPV51, which was found to be more frequent in the general population (P ϭ 0.040). Oncogenic HPV type prevalence among CSW/IPW women and women from the general population is shown in Fig. 1 . HPV16 was the most prevalent in both populations (5.9% and 1.8%, respectively). Distinct profiles of oncogenic HPV type prevalence were observed across the two populations. In order of decreasing frequency, HPV types 16, 31, 58, 66, 56, 18, and 52 were most frequent in CSW/IPW women, and types 16, 31, 52, 68, 51, 53, 18, 33, 45, 58, and 66 were most common in women from the general population. HPV26, HPV73, and HPV82 were not detected in women from the general population. Statistically significant differences in HPV type prevalence stratified by population were observed only for HPV types 16, 18, 31, 35, 56, 58 , and 66, which were most prevalent in CSW/IPW women (P Ͻ 0.05).
Identification of HPV16 intratypic variants. Overall, 78 samples were identified as HPV type 16, and 75 were analyzed by direct sequencing of the region coding for the E6 oncoprotein, E2 gene, and MY09/11-amplified highly conserved L1 region to establish variant HPV16 class and subclasses. In the E2 region, no sequence information was obtained in 11 samples. In the remaining three samples, intratypic variant characterization was not possible, since they were only amplified by the GP5ϩ/GP6ϩ PCR system.
Among the 75 analyzed HPV16 samples, the majority, 59 (78.7%), belonged to European lineage: 28 (37.3%) were lineage Ep-350T, 1 (1.3%) was E-C131G, 2 (2.7%) were E-C109G, and 28 (37.3%) were Ep-350G. AA variants were detected in 12 samples (16.0%), 2 of them being AAc variants (2.7%). African variants were detected in four samples (5.3%), with three belonging to the Af1 class (4.0%) and one to Af2 (1.3%). Asian HPV16 variants (As) were not detected in the present study.
No frame shifts or premature stop codons were observed, and sequence differences between variants are represented in Fig. 2 The analysis of HPV16 E6 variants by the place of birth of the women is shown in Table 3 . In women from Spain, Latin America, and Europe, variants belonging to the European branches are predominant, being present in more than 70%. Frequency differences observed for Ep-350T, Ep-350G, and AA were not statistically significant (P ϭ 0.54, P ϭ 0.29, and P ϭ 0.65, respectively). Af1 variants were detected in women from Spain and Ecuador, and Af2 variants were detected in one woman born in Nigeria.
DISCUSSION
As expected, the prevalence of oncogenic HPV infection was higher in CSW/IPW women than in women from the general population. This was very marked for Spanish women (29.9% versus 8.3%) and African women (23.1% versus 12.5%) but was not that noticeable for women from other European countries (31.1% versus 36.4%) and for Latin Americans (32.8% versus 23.8%). High prevalence in CSW in Spain had been previously described, both in Spanish (44) and in migrant CSW individuals (9) . The rate of oncogenic HPV prevalence in the general population for Spanish women agrees with data previously published in Spain (12, 20) and are similar to those of others conducted in European countries, such as Italy, with rates of prevalence of between 6.6 and 7.1% (10, 33) .
HPV16 is the most prevalent oncogenic HPV genotype, and its prevalence is similar in different areas. However, the prevalence of HPV16 relative to other HPV types varies by region, being highest in Europe and lowest in Africa (8) . The prevalence of other HPV types varies across geographical locations: HPV35, HPV45, HPV52, HPV56, and HPV58 are more common in HPV-positive women in sub-Saharan Africa than in Europe, HPV52 and HPV58 are more prevalent in Central Asia, and HPV39 and HPV59 were almost entirely confined to central and South America (3, 4, 7, 14, 21, 46) . Several molecular methods based on PCR amplification have been used to determine specific HPV types. Analysis of PCR products was carried out mainly by type-specific probe hybridizations and direct sequencing. In order to compare type-specific HPV prevalence in different geographical areas, it is necessary to bear in mind the molecular methods used, because some HPV genotypes are not successfully amplified with some primer sets. Thus, the PGMY09/11 system is more sensitive than MY09/11 for the detection of HPV types 26, 35, 42, 45, 52, 54, 55, 59, and 83 (4), and primer set GP5ϩ/GP6ϩ is able to detect HPV types 30, 42, 43, 51, 59, 67, 74, 90, and 91, which are not successfully amplified by MY09/11, but it is less sensitive for some HPV types, such as HPV53 and HPV61 (6) . For this reason, in the present study we used three different primer sets in order to improve the sensitivity of PCR detection. Although the type-specific HPV test based on PCR and direct sequencing has the disadvantage of not being able to detect multiple infections, it is a helpful and reliable tool in HPV screening and allows for the estimation of the predominant circulating HPV types in clinical samples. This is the largest study conducted in Spain on the distribution of HPV types. HPV16 was the most common type found in our study, present in 18.4% of positive HC2 samples, followed by HPV types 31, 58, 66, 52, 56, and 18.
Several studies conducted in European countries, such as Germany, Denmark, and Belgium, on the distribution of HPV types describe type-specific frequencies that agree with our results, with HPV31 being the second most common type, with frequencies of 10.1%, 8.0%, and 7.3%, respectively (1, 25, 37) . The next most common type in our population is HPV58, with a frequency of 6.6%, probably due to the high proportion of women from South America, in which this type is the most frequent after HPV16 (8) . HPV66, which is not included in the oncogenic HC2 cocktail probe, was detected in 6.1% of cases. This is remarkable, since this type has been classified as probably high risk. HPV52 is detected in 5.4% and is the fifth most frequently detected HPV type. In other studies, the prevalence of this genotype might be underestimated because the GP5ϩ/ GP6ϩ primer set, widely used for HPV typing, amplifies HPV52 inefficiently (5).
HPV16 and HPV31 were the most common types, both in CSW/IPW women and in women from the general population, although the relative distribution of the rest of the HPV types varied among these populations. As expected, HPV type-specific prevalences were higher in CSW/IPW women for most HPV types, except for HPV51. In this group of women, types 58, 66, 56, 18, and 52 followed 16 and 31 in frequency, and 52, 68, 51, 53, 18, 33, 45, 58, and 66 accounted for the most common types after HPV16 and HPV31 in women from the general population.
The different profiles of oncogenic HPV type prevalence observed across CSW/IPW women and women in the general population need to be further validated in larger studies with prospective follow-up, and it is necessary to adjust the typespecific prevalence by age and country of birth of the women because of the high proportion of migrant women in the CSW/ IPW population and of Spaniards in the general population. Taking into account that HPV genotyping was performed by direct sequencing, the observed HPV distribution reflects the majority of HPV types present in the studied population, and coinfecting HPV genotypes with a low number of copies would not be detected.
Detection of HPV16 natural variants by PCR and direct sequencing analysis allows for the identification of subclasses and their geographical distribution pattern. Classically, HPV16 variants were characterized in samples with cervical cancer in order to establish the relationship between these variants and their potential oncogenicity. In the present study, we characterized HPV16 variants in cervical samples from routine screening in order to evaluate the intratype variants circulating in our populations. All HPV16 variants detected have been previously described. The large majority of HPV16 variants circulating in our population belong to European branches (78.8%) that are found in all geographical regions except for Africa. In our study, we detected one prototype variant in a woman born in Morocco. AA variants were found to the same extent in women born in Spain as in women from other geographical areas. There are no significant differences in HPV16 intratype variant distributions by the place of birth of the women, probably because of the limited number of samples analyzed.
The study of HPV type distribution and intratypic variants is important in order to establish whether the increase of women in our population from countries with high prevalence of HPV infection might modify this pattern.
